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s u m m a r y 
Background: To characterize the HPV diversity in the anal mucosa of men with different sexual behavior 
and HIV status by next-generation sequencing (NGS). 
Methods: Anal swabs from HIV-positive ( n = 94; mean age, 38 years) and HIV-negative ( n = 100; mean 
age, 37.5 years) men who have sex with men (MSM) and HIV-negative men (predominantly men who 
have sex with women, MSW) ( n = 99; mean age, 38.2 years) were analyzed by broad-spectrum PCR pro- 
tocols combined with NGS. 
Findings: Alpha HPV types ( n = 74) were detected mainly in the MSM groups (HPV6, 11, and 43 were 
the most abundant types) compared with MSW ( n = 16) (HPV11, 32, and 87 were among the most abun- 
dant). In contrast, beta HPVs were more abundantly detected among MSW ( n = 45) than in the HIV- 
positive ( n = 16) and HIV-negative ( n = 26) MSM groups. Gamma HPVs were detected almost equally in 
HIV-positive MSM ( n = 62), HIV-negative MSM ( n = 58), and MSW ( n = 57). In addition, 31 putative novel 
PV types were identified. 
Conclusions: Our data show that beta and gamma HPV types are present in the anal mucosa, thus re- 
inforcing the existing evidence that they can be detected at anatomical sites other than skin. Alpha and 
beta HPV distribution among these three groups appears to vary according to sexual behavior. 























Human papillomaviruses (HPVs) are classified into five genera: 
lpha ( n = 65 types), beta ( n = 54 types), gamma ( n = 99 types), mu
 n = 3 types), and nu ( n = 1 type) ( www.hpvcenter.se , accessed on
0–08–2020). 1 Twelve mucosal alpha HPV types (16, 18, 31, 33, 35, 
9, 45, 51, 52, 56, 58, and 59) are classified as high-risk (HR-HPV) 
nd have been associated with anogenital cancers and a subset of 
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163-4453/© 2020 Published by Elsevier Ltd on behalf of The British Infection Associationn Cancer (IARC) Monographs evaluations. 2 Beta HPVs appear to 
ooperate with ultraviolet radiation in the development of cuta- 
eous squamous cell carcinoma. 2 Beta HPVs are subdivided into 
ve species (beta-1 to beta-5). The beta-1 and beta-2 species in- 
lude the majority of beta types that are abundantly present in the 
kin of healthy individuals. 3 In contrast, beta-3–5 HPV types are 
ess frequently detected in the skin. Epidemiological studies indi- 
ate that beta HPV types are also present at other anatomical sites, 
uch as oral and nasal mucosa, 4-6 suggesting a dual tissue tropism 
f certain HPV types. Some studies found beta-3 HPVs to be more 
revalent than beta-1 and beta-2 HPVs in mucosal epithelia, in- 
luding the anal canal. 3 Interestingly, in vivo and in vitro exper- 
mental models have shown that beta-3 HPV49 shares biological 
roperties with mucosal HR-HPV types. 7 
The largest genus (i.e., gamma) includes the majority of dis- 
overed HPV types, which are subdivided into 27 species. How- . 















































































ver, no studies to date have evaluated their possible link with hu- 
an carcinogenesis, with the exception of a functional study that 
ighlighted the transforming properties of gamma-24 HPV197 in in 
itro experimental models. 8 
Several studies have highlighted the utility of next-generation 
equencing (NGS) for HPV characterization. 9 , 10 However, these 
tudies focused mainly on NGS-based assays for the detection of 
R-HPV types in the anal mucosa. 11-13 
To better characterize HPV diversity in anal mucosal epithelia, 
e used broad-spectrum PCR protocols combined with NGS assay, 
nalyzing anal swabs collected from HIV-positive and HIV-negative 
en who have sex with men (MSM) as well as a subgroup of 
IV-negative men, predominantly men who have sex with women 
MSW), from the HPV Infection in Men (HIM) Study. 
ethods 
tudy population and biological specimens 
In the present study, we analyzed a total of 293 anal canal spec- 
mens obtained from men enrolled in previously published stud- 
es. 3 , 14 , 15 Briefly, HIV-positive ( n = 94) and HIV-negative ( n = 100) 
SM were randomly selected and matched by age (mean age, 
8 and 37.5 years, respectively) from among the attendees of the 
TI/HIV Unit of the San Gallicano Dermatological Institute (Rome, 
taly). In addition, 99 anal swabs were obtained from men in the 
IM Study, a large, multinational (Brazil, Mexico, and the USA) 
rospective cohort study investigating the natural history of HPV 
nfection in HIV-negative men. 15 The HIM specimens were selected 
ccording to age and sample size to match with other groups 
ncluded in the study. All enrolled participants (mean age, 38.2 
ears) were HIV-negative, and most (91%) were MSW; only 5% 
ere men who have sex with both men and women, 2% were 
SM, and 2% had never had sex or the information was not avail- 
ble. 
GS broad-spectrum analysis and bioinformatic analysis 
Extracted DNA from anal samples was amplified by PCR using 
wo sets of primers: (i) FAP59/64 16 and (ii) FAPM1 primer sets, 
s previously described. 17 PCR amplicons of approximately 480 bp 
ere purified using the QIAquick gel extraction purification kit ac- 
ording to the manufacturer’s instructions (QIAGEN, Hilden, Ger- 
any) and divided into six different pools, according to HIV status, 
nrolled groups, and PCR protocol applied, as indicated in Table 1 . 
n additional purification step was performed in each pool, and ig. 1. Detection of alpha, beta, and gamma HPV types in HIV-positive MSM, HIV-negativ
amma HPV types into MSM HIV-positive, MSM HIV-negative, and HIM groups. 
113 GS libraries were prepared using the Nextera TM DNA Flex Library 
reparation kit (Illumina, San Diego, CA, USA) as previously de- 
cribed. 17 , 18 
Bioinformatic analysis was performed using the bioinformatic 
ipeline PVAmpliconFinder. 19 All the results in this study were 
ased on the identification of the sequences following the 
omology-based classification using the evolutionary placement al- 
orithm (EPA) in RAxML (Randomized Axelerated Maximum Like- 
ihood). Only the longest sequence was considered for RAxML-EPA 
lassification when several singlets or contigs were clustered to- 
ether by PVAmpliconFinder. 
esults 
PV DNA PCR amplification and NGS analyzes 
To determine whether HPV infection in the anal canal may dif- 
er in different groups of men, we evaluated the distribution in (i) 
IV-negative MSM ( n = 100), (ii) HIV-positive MSM ( n = 94), and 
iii) predominantly MSW ( n = 99). The total number of samples 
ielding an amplicon of the expected size by both FAP and FAPM1 
rimers are shown in Table 1 . Amplicons for each group were then 
ooled and analyzed by NGS. 
A higher number of alpha HPV reads was found among MSM 
ompared with MSW, independently of HIV status ( Table 2 ). In 
oth MSM groups, the total number of reads corresponded to 37 
lpha HPV types ( Table 2 ), with some HPV types detected in both 
roups with the two PCR protocols. Among MSW, the total num- 
er of alpha HPV reads corresponded to 16 HPV types ( Table 2 and
ig. 1 ). The representative alpha species found in both MSM groups 
ere alpha-1, −3, −5, −6, −7, −8, −9, −10, −11, −13, and −14 
Supplementary file S1). Comparing the two MSM groups, reads 
f alpha types HPV6, 16, 30, 34, 39, 43, 58, 59, 70, 81, 85, 86,
7, 90, and 114 were detected more in HIV-positive MSM pools, 
nd reads of HPV11, 18, 26, 31, 32, 40, 42, 45, 51, 52, 53, 54, 62,
8, 71, 73, 84, 89, and 91 were represented more in HIV-negative 
SM pools (Supplementary file S1). A small number of HPV69, 83, 
nd 102 reads were detected in the HIV-positive MSM group only, 
nd HPV61, 67, and 82 reads in the HIV-negative MSM group only 
 Fig. 1 and Supplementary file S1). Among MSW, the alpha HPV 
eads corresponded to species alpha-1, −2, −3, −6, −7, −9, −10, 
13, and −14, with the more represented HPV types being HPV11, 
6, 32, 42, 68, and 87 (Supplementary file S1). Overall, 14 alpha 
PVs were present in all three groups (HIV-positive MSM, HIV- 
egative MSM, and MSW), namely HPV11, 16, 18, 30, 32, 42, 54, e MSM, and HIM Study participants. The Venn diagram divides the alpha, beta, and 
L. Galati, R.N. Brancaccio, P. Gupta et al. Journal of Infection 82 (2021) 112–116 
Table 1 
Total number of samples from which amplicons of the expected size were obtained, 
grouped according to the PCR protocols and the participant groups. 
NGS pool PCR protocol Specimens 
Total number ∗
N (%) 
1 FAP59/64 HIV-positive MSM 75 (79.8) 
2 FAP59/64 HIV-negative MSM 52 (52.0) 
3 FAP59/64 HIM 50 (50.5) 
4 FAPM1 HIV-positive MSM 75 (79.8) 
5 FAPM1 HIV-negative MSM 67 (67.0) 
6 FAPM1 HIM 41 (41.4) 


































































































9, 62, 68, 84, 87, 90, and 114, and two were present only among
SW (HPV3 and 74) ( Fig. 1 and Supplementary file S1). 
In contrast to alpha HPV types, beta HPVs ( n = 45) were more 
ommon among MSW with both PCR protocols than in the MSM 
roups ( Fig. 1 ). In addition, HIV positivity correlated with a lower 
umber of beta HPV types ( n = 16) compared with HIV-negative 
SM ( n = 26) ( Fig. 1 , Supplementary file S1). All five beta species
ere represented in the three groups (Supplementary file S1). 
Fig. 1 shows that 20 beta HPV types were present only among 
SW, which corresponded to HPV5, 8, 17, 21, 25, 47, 76, 80, 
8, 100, 111, 113, 118, 145, 159, 150, 217, and three unrefer- 
nced beta PVs represented by HPV-mm292c14, HPV-mw15c111, 
nd HPVmTVMBSGc2024 (Supplementary file S1). In addition, 7 
eta HPV types were present only among MSM (HPV15, 99, 
05, 151, 152, and two unreferenced HPVs represented by HPV- 
TVMBSFc09 and HPV-mm292c100). Nine HPV types were present 
n all three groups of men (HPV20, 23, 37, 49, 96, 107, 115, 120, and
ne unreferenced HPV, that is HPV-mHIVGc36) ( Fig. 1 , Supplemen- 
ary file S1). 
Gamma HPVs were detected approximately equally in all three 
roups ( Table 2 ) and corresponded to 62, 58, and 57 gamma HPV
ypes in HIV-positive MSM, HIV-negative MSM, and MSW, respec- 
ively ( Table 2 and Fig. 1 ). Reads from gamma-10, −8, −7, and −6
pecies were the most abundant in the HIV-positive MSM group. 
amma-10, −6, −11, and −27 species were abundantly detected in 
he HIV-negative MSM group, and gamma-9, −10, −20, and −26 
pecies showed the highest number of reads among MSW. 
Fourteen gamma HPV types (HPV50, 88, 103, 108, 130, 135, 
42, 146, 154, 163, 180, HPV-mHIVGc70, HPV-mSK250, and 
PV-mw20c01b) were present in all three groups. Twenty-one 
amma types were present only in the HIV-positive MSM group 
HPV109, 119, 147, 153, 165, 211, 216, HPV-mKN3, HPV-mSE383, 
PV-mSK006, HPV-mSK020, HPV-mSK085, HPV-mSK102, HPV- 
SK104, HPV-mSK128, HPV-mSK131, HPV-mSK193, HPV-mSK243, 
PV-mw20c04, HPV-mw27c04c, and HPV-mw34c14a) ( Fig. 1 and 
upplementary file S1). Twenty-two gamma types were present 
nly among HIV-negative MSM (HPV148, 155, 157, 161, 169, 
97, HPV-m16031680A, HPV-mEV03c45, HPV-mKC5, HPV-mSE355, 
PV-mSK009, HPV-mSK029, HPV-mSK038, HPV-mSK064, HPV- 
SK083, HPV-mSK197, HPV-mSK199, HPV-mSK242, HPV-mSK245, 
PV-mTVMBSGc2450, HPV-mw18c11d, and HPV-mw20c09). Fi- 
ally, 26 gamma types were present only among MSW (HPV4, 
5, 112, 128, 131, 172, 179, 203, HPV-mEV03c212, HPV-mEV03c40, 
PV-mSK052, HPV-mSK056, HPV-mSK061, HPV-mSK072, HPV- 
SK075, HPV-mSK094, HPV-mSK096, HPV-mSK101, HPV-mSK126, 
PV-mSK190, HPV-mSK244, HPV-mTVMBSHc33, HPV-mw11C24, 
PV-mw11c13, HPV-mw18c39, and HPV-mw34c34a) ( Fig. 1 and 
upplementary file S1). 
A total of 5892 (0.2%) reads were classified as putative novel 
Vs ( n = 31), because their sequences showed less than 90% sim- 
larity to the L1 open reading frame (ORF) of any known PVs 
Supplementary file S2). According to RAxML-EPA classification, 
he majority of putative novel PVs were closely related to gamma 
p
114  n = 24), alpha ( n = 3), and beta ( n = 2) HPV genera, whereas a sub-
et of reads ( n = 360) were representative of two putative PVs re- 
ated to one unclassified PV. The latter were found in HIV-positive 
SM (Supplementary file S2). 
iscussion 
In this study, we analyzed the presence of a broad spectrum 
f HPV types in anal swabs from HIV-negative and HIV-positive 
SM and HIV-negative MSW. In agreement with previous stud- 
es, 20-23 our results revealed the presence of a large number of al- 
ha, beta, and gamma types in all groups, further supporting the 
oncept that beta and gamma HPV types have the ability to infect 
oth cutaneous and mucosal epithelia. Hampras et al. reported that 
PV types of the beta-3 species were more likely to infect the anal 
ucosa compared with other anatomical sites, such as oral mucosa 
r skin epithelia. 3 Moreover, Bolatti et al. reported that gamma PVs 
ay also display dual tissue tropism, being highly prevalent in anal 
ucosa. 21 Our data show that the abundance of the specific HPV 
enera appears to differ in the three groups of men. Indeed, al- 
ha HPV types were more abundantly detected in MSM than in 
SW. Regarding the presence of specific alpha HPV types, HPV6, 
1, and 43 were the most abundant types in both MSM groups. 
eads from the low-risk HPV11 type were also among the most 
bundant among MSW, together with HPV32 and 87. The pres- 
nce of a higher number of alpha HPV types among MSM com- 
ared with MSW may be explained by the different sexual be- 
aviors and is in agreement with previous studies. 23 , 24 Infections 
ith mucosal high-risk alpha HPVs account for 90% of anal cancer 
ases worldwide. An increased risk of anal cancer has been clearly 
hown in HIV-positive individuals and MSM. 25 In contrast to al- 
ha HPV types, beta HPV types were less abundant among MSM 
ompared with MSW, whereas gamma HPV types were detected at 
imilar abundances in the MSM and MSW. The presence of HPVs 
n the anal canal of MSW may reflect other ways of transmission 
ompared with those for MSM. 24 , 26 Previous studies have shown 
hat the prevalence of anal beta HPVs increases with the number 
f lifetime sexual partners. 27 In addition, a high prevalence of beta 
PVs in a cohort of MSW was previously reported. 24 This appar- 
nt difference in distribution of alpha and beta HPVs in MSM and 
SW may be explained by the fact that alpha HPVs may interfere 
n some way with beta HPVs in the anal canal. Although unlikely, 
he different distribution of the two HPV genera in MSM and MSW 
ight be linked to the PCR protocol used in the study. It is possi- 
le that a smaller number of beta HPV types could be amplified 
y the FAP PCR protocols in specimens from MSM compared with 
hose from MSW, due to the abundance of alpha HPV types. How- 
ver, this hypothesis is not supported by the fact that gamma HPV 
ypes were detected at similar abundances in the three groups us- 
ng primers that were originally designed by considering most HPV 
ypes. 
Among gamma types, reads from gamma-10 HPV121 were 
mong the most abundant referenced HPV types among HIV- 
ositive and HIV-negative MSM. In addition, gamma-6 HPV103 



















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































115 howed the highest number of reads in HIV-negative MSM. 
amma-9 HPV215 was the most abundant among MSW. 
HPVs belonging to the gamma-6 species have previously been 
uggested to display a preferential tropism for mucosal tissue. 21 , 28 
n support of this, gamma-6 types were not detected in our previ- 
us NGS study carried out on skin specimens, 18 or in other similar 
tudies. 29 
Finally, we also identified 31 putative new HPV types. Most of 
hem ( n = 24) were assigned to the gamma genus, suggesting that 
ven more gamma PV types can be detected in the anal mucosa. 
A large number of gamma HPVs were discovered during the 
ast decade, and all are poorly characterized. Experimental and 
pidemiological studies regarding the presence of these gamma 
V types in mucosal epithelia are required to evaluate their role 
n human pathological conditions. Most of the putative new PVs 
ere identified in the HIV-positive MSM; this may be a conse- 
uence of the possible impact of HIV infection on the immune sys- 
em, although the majority of the HIV-positive MSM included in 
his study were using combination antiretroviral therapy. Still, it is 
nown that HIV-positive individuals are highly susceptible to HPV 
nfections. 30 Three putative new alpha HPVs were found in this 
roup, both related to low-risk HPV types, i.e. HPV6 and 89. How- 
ver, the fact that our study was based on a pool-based strategy 
s a limitation and does not allow the determination of any spe- 
ific prevalence of HPV types across the three analyzed groups. Al- 
hough stringent protocols were adopted for the collection of anal 
pecimens, due to the high sensitivity of NGS, it is not possible 
o exclude that some HPV sequences derived from the perianal re- 
ion. In addition, in our study we compared populations from dif- 
erent geographical regions. Future studies should consider MSW 
nd MSM groups from the same geographical areas. 
According to the applied bioinformatics workflow, we identi- 
ed animal viruses in the anal canal. However, the classification of 
hese PVs as animal types could be due to the limited information 
n the HPV L1 sequence, and the consideration of additional parts 
f the genome could result in a different classification as closely 
elated HPVs. 19 In conclusion, using a well-validated NGS strat- 
gy, this study expanded our knowledge on HPV diversity in the 
nal mucosa. It showed that, besides infections with alpha HPVs, 
any beta and gamma HPV types from different species colonize 
he anal mucosal epithelium. In agreement with previous studies, 
he beta-3 and gamma-6 species appear to be abundantly present 
t this anatomical site. 3 , 21 In addition, this strategy enabled the 
etection of putative novel PVs. Overall, this study confirmed the 
igh diversity of HPVs in anal samples of male participants, irre- 
pective of their sexual behaviors. A different distribution of al- 
ha and beta genera in MSM compared with mostly MSW was 
bserved. Finally, these results reinforced the existing evidence of 
 dual tropism of many beta or gamma so-called cutaneous HPV 
ypes in the anal canal. 
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